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!&is SemiannuEii Report covers the period f m m  October 15, 1964, to 

April 15, 1965, during a c h  research was performed under Xat%onal 

. .  

I. K-Band Radiometry 

From May to Angust, 1964, extensive observstione of the radio emission I 

f r o m  Venus, the moon, the sun, and t h e  terrestrial 'atmsphere were made 

w i t h  a multi-channel microwave radiometer operating at 21.1, U.9, 23.5, 

I 
I 

25.5, 29.5,  and 32.4 &/so mis data has been largely enalyzed 8nd:intel.- 

preted, and has yielded very interesting results. 

of this work are contained in  the mctoral  dissertation of David E. Stwlirr 

!he results of mu& of 

'- I 
// and are being submitted for publication in the Astrophysical JournaL. 

The microwave spectnrm of Venus appeared t o  dip in the region of I 

I 
c 

1.3-an WaveleAgth, and the magnitude of the dip appeared to vary over I 

the period of the observations. 

results of other observers, and appears t o  be a real phenomenon. 

most plausible explanstion for such a dip is the presence of resonant ,. 

absorbers in the atmosphere of V e y ,  the most Ue3g madidate be- 

water vapor. Severdl spectra are presented in Table l. Preparations 

are underway for similar observations during the inferior co4unction 

Thiis result is consistent w i t h  the 

llhe 

I 

Jenuary, 1966. 
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Frequency , Average Brightness Temperature i%) 
June 5-12 June 2g-July 16 July a7-30 Average, entire 

experiment 
( W S )  . 

July 15-# 

32.4 , 425 33% k46 2 38% 436, 57% 430 -':24% 

29.5 44.4 z 59 470 ,+ 55 334 f 148 463 32 1 

25.5 464-+33 . 415 ,f 23 401 ,+ 40 428 ,+ 20 

21.9 384254' 389 ,+ 49 504 ,+ 83 4d,-+28 

23.5 4.47 50 443 ,+ 40 504 f 91 450 z 23 

- 21.1 502 2 82' 

The errors a& the estimated standard deviations of the relat%ve values L-  

// 
of the ziieasuxwnents. Tlle f inal  results w i l l  be published in the new fiature. .. 

Measurements of terrestrial atmospheric opacity were made by meam of 

solar extinction observations. The5e were made on 10 days, and s ix  measure- 

ments were accompanied by radiosonde flie;hts launched near-. The measured 

abmspheric spectra are in good agreement with theory, and show that  such 

microwave measur-nts not only can yield the integrated emount of water 

vapor in the atmosphere, but also information abut its distribution w&th 

altitude. 

fluctuate 8 factor of two during the experiment. 

accompanied by radiosondes are currently underway at frequencies of U.9, 

22.235, 23.5, 29.4, end 32.4 Gc/s, and should yield appraXimat4.y 30 aasS 
observations..during June-August, 1965. 

inverting the micrrwave data  t o  obtain estimates of the uatetr Papor 

, 

!he amplitude of the water vapor absorption was observed to  

Sbnilar measuremnts 

!&!oretical studies of me8118 for 

profiLe and the integrated cloud density axe w e l l  underqy. 
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Fifteen lunar experiments comprising 375 &if% scans were made over b m  

luaation periods, end include maps of the lunar brightness temperature, and 

polarization measurenents. 

193e'data was fit by a lunar surface of dielectric constent 1.7 2 0.1, 
and 15O rms deviation of facet normals. A rougher surface uould 

a higher dielectric constant. !be brightness temperature of the lunar 

center is best described by: 

where the data has been aonaslized t o  a%, and the harmonics content 

was determined using measurements of the slopes of the lunar brightness 

tenperatures. 

observers at other wavelengths, but are not well matched by current theor- 

etical models, e h  predict a second hannonic approximately half fhat 

1 -  

,/ 
Tbe results axe consistent with those of the other - 

determined here and elsewhere. %e lunar r e s a s  are contained In a 

thesis submitted to the Deparctment of Electrical Engineering by 

James M. Mora, Jr. in pa;rtiaJ. fulfillment of the requirements for. the 

Y M t e r  of Science degree. These results are -being prepaxed for  ptiblication. 

II. oxyg en-line Observations at High Altitudes 

Work on the 5 mm oxygen Unes has continued. Two balloon experiments 

at 100,000 feet were undertaken. Observations were made in three frequency 

baads, 20, 60, 8nd 200 mc from the 9+ transition frequency, and at d t h  
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angles of 60' and 75O. 

operating, which  pennittea monitoring the data as the flight progreseed. 

For these flights a data telemetry systen was 

The first of the two flights was only partially successful due t o  a 

switch failure. 

data ro r  the damation o f  the fliat. 

from the theoretical calculations in a manner that cannot be explained 

within the f'ranexork of the  Van neck-Weisskopf line shape. 

The second flight was to ta l ly  succeseW, yielding usem 

The results of these iUghte differ 

. .  %he r e S U l t 8  . 
of 

of 

of 

prexioua part ta l ly  successful f l ights also show this effect. 

three more fU&ts with greater sensitivity i s  planned for the summer 

A series 

1965 c 

The theoretical. investigation of the inclusion of the -man effect 

i n t o  the 5 pl~p analysis i s  largely complete. A mat r ix  method for hsndllng 

the propagation of parti43y-polarized waves was developed and applled . 
1 -  

t o  the !&em s p l i t  oxygen lines in the upper atmosphere. A set of - 
,/' computer programs was written that computes the brightness temperature 

matrix at satellite heights for a nadir anglebf 00. 

temperature matrix contains a complite specification of the p0lrt;rizatIon 

of the radiation. 

The brightness 

Studies have been W e  and are continuing t o  investigate the effect 

on the received brightness temperature of position (latitude and longitude), 
msgpetic field d e l ,  temperature profile -el, receiver bandwidth, end 

receiver golarization. 

experiments to  remotely probe the atmospheric thermal profile. 

. 

'Ilhese will be viewed in  terms of posslbla eatelUte 

. . .. 
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IXI. ICillimeter Equipment 

During the period of this report, work continued on the 4 mu parazaetkc 

amplifier and solid-state power generation. 

carried out on broadband rf transformers and other aspect8 of rf  compcm- 

ents . 

Investigations were ala0 

me 2 xm klystron was finally delivered and .some prelbdnary irnretiti- 

gations of the new parametric amplifier 'structure were carried out. 

of doping materials and techniques with the new 1 micron csA8 epitaxial 

stock  were started, but the results cast suspicion on the available power 

Studice 

output of the 2 mmklystron. 

power to be 3 db less than specified. 

Checks with a calorimeter show the output 
* 

However, a doubler A o m  4 mm to 

2 mm was tried, using the present 4 mm paraxup structure; and 8n indicated 

power output of 3 mw 'was obtained with a nomissl (less than 50 mw) mve. 
2- 

// Experimental work on solid-state sources included f'urther careful 

masurement of varactor parameters using a potentiometer and equal- 

increnental c technicques t o  achieve .Ol$ accuracy. 

have been buil t  using designs base'a on the measurements and on recent 

Several multipliers 

theoretical results. One such multiplier gave 2w out at 5.5 Gc for  3~ 

drive at 2-75 Gc and had no tuning SdJusbents; theoretically, diode. 

efficiency should have been 7 6 ,  agreeing well w i t h  observed values of 

66$. 
based on work carried on during this quarter. 

Important, new theoretical results w i l l  be available next Quarter, 

Fkny aspects of broadband rf transfomers have been studied. New 

fe r r i te  materials and new techniques a l l o w  autotransformers to  be 'bLilt with 

1O:l impedance ratios and AreQuency ranges Awrn 10 k?Iz to 200 MHz: Ihe new 
# 
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autotmnsformer technique together w i t h  more conventional tranamiseion-llne 

transfonuers makes possible very wideband linear amplifiers of considerable 
J 

power output (watts to kilowatts). 

Alan E. Barrett 
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